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be manufactured, and this can remarkably reduce fiber 
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Description 

BACKGROUND OF THE JVENTION 
Field of the Invention 

[0001] The present invention relates to a manufactur- 
ing method and apparatus of a fiber reinforced compos- 
ite member, in which a plurality of products can simul- 
taneously be manufactured. 

Description of the Related Art 

[0002] In order to raise the performance of a rocket 
engine using NTO/N2H4, NTO/MIVIH, and the like as im- 
pelling agents, heat-resistant temperature of a combus- 
tor (thrust chamber) is requested to be raised. For this 
purpose, a coated niobium alloy having a heat-resistant 
temperature of about 1500*C has heretofore been used 
as a chamber material for many rocket engines. How- 
ever, this material is disadvantageously heavy because 
of its high density, low in high-temperature strength, and 
has a short coating life. 

[0003] On the other hand, since ceramic is high in 
heat resisting properties but disadvantageously brittle, 
a ceramic matrix composite member (hereinafter abbre- 
viated as CMC) has been developed by reinforcing the 
ceramic with ceramic fiber. Specifically, a ceramic matrix 
composite member (CMC) comprises ceramic fiber and 
ceramic matrix. Additionally, in general the CMC is indi- 
cated as ceramic fiber/ceramic matrix by Its material (e. 
g., when both are fomned of SiC, SiC/SiC is indicated). 
Additionally, the ceramic matrix composite member 
(CMC) will be described hereinafter In detail, but the 
present invention is not limited to this, and can similarly 
be applied also to carbon-based composite members 
such as C/C, C/SiC and SiC/C. 
[0004] Since CMC is light-weight and high in high- 
temperature strength, It is a remarkably prospective ma- 
terial for the combustor (thrust chamber) of the rocket 
engine, further a fuel piping in a high-temperature sec- 
tion, a turtDine vane of a jet engine, a combustor, an after- 
burner component, and the like. 
[0005] However, the conventional CMC cannot hold 
its hermetic properties and Is disadvantageously low In 
resistance to thermal shock. Specifically, forthe conven- 
tional CMC, after a predetermined shape is formed of 
ceramic fibers, a matrix is formed in a gap between the 
fibers in so-called chemical vapor infiltration (CVl) treat- 
ment. However, a problem is that it takes an impracti- 
cally longtime (e.g., one year or more) to completely fill 
the gap between the fibers by the CVl. Moreover, in a 
high-temperature test or the like of the conventional 
CMC fomned as described above, when a severe ther- 
mal shock (e.g., temperature difference of 900*C or 
more) acts, the strength is drastically lowered, and the 
CMC can hardly be reused. 

[0006] Therefore, the conventional ceramic matrix 



composite member (CMC) cannot substantially be used 
In the combustor (thrust chamber), the fuel piping or an- 
other component requiring the hemnetic properties and 
resistance to themnal shock. 
5 [0007] In order to solve the aforementioned problem, 
the present inventor et al. have created and filed a pat- 
ent application, "Ceramic-based Composite Member 
and its Manufacturing Method" (Japanese Patent Appli- 
cation No, 19416/1999, not laid yet). The Ceramic- 
10 based Composite Member can largely enhance the her- 
metic properties and thermal shock resistance and it can 
be for practical use in the thrust chamber, and the like. 
In the invention, as schematically shown in Fig. 1 , after 
subjecting the surface of a shaped fabric to CVl treat- 
15 ment to form an SiC matrix layer, PIP treatment is per- 
fonmed to Infiltrate and calcine a gap of the matrix layer 
with an organic silicon polymer as a base. 
[0008] In a manufacture process shown In Fig. 1 , from 
a braiding process (1 ) to a CVl process (3) , a jig or man- 
20 drel, for example, of cariaon or the like is used to form a 
fabric 1 in a periphery and subsequently, the CVl treat- 
ment is performed. Since matrix Is fomned in the gap of 
the fabric 1 by the CVl treatment and a shape is held, 
in this stage, the mandrel is detached, and subsequent 
25 PIP treatment (4) and machining (5) are performed in a 
conventional art. Additionally, In the braiding process, 
as schematically shown in Fig. 2, for example, braid 
weave Is used in which a braided thread is alternately 
and obliquely woven into a middle thread. 
30 [0009] In the manufacture process, however, prod- 
ucts (hereinafter refen^ed to as CMC product) of the ce- 
ramic matrix composite member have heretofore been 
manufactured individually one by one. In this case, par- 
ticulariy, In the braiding process, when fiber is wound 
35 onto the mandrel, the fiber is wound onto an engaging 
allowance to a textile weaving loom and a portion of the 
mandrel other than a product portion. Therefore, as 
compared with the fiber used in the product portion, 
there are a large proportion of finally wasted fiber, much 
40 fiber loss, and the like, and th Is raises cost. For example, 
although ceramic fiber used in the CMC product is ex- 
pensive, in the conventional art, even with a relatively 
large CMC product (thrust chamber or the like), a fiber 
effective utilization ratio is only around 20%, and about 
45 80% results in loss. 

[0010] Moreover, even In the braiding process and the 
subsequent CVl treatment, PIP treatment and machin- 
ing, the products are individually treated one by one in 
the conventional art. Therefore, particularly in the small- 
50 sized CMC product, there is a problem that much labor 
is required for setting/preparation or the like to the ap- 
paratus and that productivity is low. 
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SUMMARY OF THE INVENTION 

[0011] The present invention has been developed to 

solve the problem. Specifically an object of the present 
invention is to provide a manufacturing method and ap- 



JSDOCID:<EP 1122052A2Jl> ^ 



2 



EP 1 122 052 A2 



paratus of a fiber reinforced composite member, which 
can simultaneously manufacture a plurality of products, 
remarkably reduce fiber loss, and enhance productivity. 
[0012] According to the present invention, there is 
provided a manufacturing method of a fiber reinforced 
composite member comprising steps of: connecting a 
plurality of mandrels to one another to constitute an in- 
tegral mandrel; fomiing a fabric on the surface of the 
integral mandrel; and infiltrating the formed fabric with 
matrix. 

[0013] In addition according to the present Invention, 
there is provided a manufacture apparatus of a fiber re- 
inforced composite member for forming a fabric on the 
surface of a mandrel, and infiltrating the formed fabric 
with matrix, and the manufacture apparatus comprises 
a connection segment for connecting a plurality of man- 
drels to one another. 

[0014] According to the method and apparatus of the 

present invention, since the integral mandrel obtained 
by connecting the plurality of mandrels to one another 
is used to manufacture a ceramic matrix composite 
member, a plurality of products can simultaneously be 
manufactured on the surface of the plurality of mandrels. 
[0015] Moreover, for fiber loss generated in a braiding 
process for winding onto an engaging allowance to a 
loom and a portion of the mandrel other than a product 
portion, even when the integral mandrel is used, an ab- 
solute amount is substantially the same as that when 
unit products are individually manufactured one by one. 
Therefore, by performing simultaneous braiding for a 
plurality of products, the fiber loss per unit product can 
be reduced to a few fractions. 

[0016] Furthermore, even in the braiding process and 
subsequent CVI treatment, PIP treatment and machin- 
ing, simultaneous machining is possible for a plurality of 
products, labor of setting/preparation or the like to the 
apparatus is reduced to a few fractions per unit product 
as compared with a case in which the products are in- 
dividually treated one by one, and the productivity can 
be enhanced so much more. 

[0017] Additionally, according to a preferred embodi- 
ment of the present invention, after infiltration of the ma- 
trix, a fiber reinforced composite member is cut at a con- 
nected portion at which a plurality of mandrels are con- 
nected to one another. 

[0018] By this method, the member can be divided In- 
to respective unit products, and subsequently neces- 
sary processes are further performed so that the prod- 
ucts can be completed. 

[0019] Moreover, a maximum diameter of a connec- 
tion segment is formed to be smaller than a diameter of 
the connected portion to the mandrel. 
[0020] In this constitution, since a stepped portion is 
hardly fonmed in the connected portion of a mandrel seg- 
ment, thefibercan smoothly be wound around the entire 
surface of an integral mandrel in the braiding process, 
and the fabric can be formed on the surface of each 
mandrel segment. 



[0021] Moreover, after the CVI treatment and PIP 
treatment, if treatment of each product is necessary, by 
separating the connected portion of the mandrel seg- 
ment, separation into the respective products can easily 
5 be performed. 

[0022] Furthermore, the mandrel is constituted to be 
dividable at a middle portion which is smaller than both 
end portions. 

[0023] By this constitution, by dividing the mandrel 
10 segment at the middle portion which is smaller than 
each end portion, the mandrel can be separated/re- 
moved without damaging the product. 
[0024] Other objects and advantageous characteris- 
tics of the present invention will be apparent from the 
IS following description with reference to accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0025] Fig. 1 is a schematic view of a CMC manufac- 
turing method to which the present invention is applied. 
[0026] Fig. 2 is a schematic view of a braid weave. 
[0027] Fig. 3 is a schematic view of a mandrel applied 
to a manufacture apparatus of the present invention. 
25 [0028] Figs. 4A to 4D are schematic views of the man- 
ufacturing method in which the mandrel of Fig. 3 is used. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 

[0029] A preferred embodiment will be described 
hereinafter with reference to the drawings. 
[0030] Fig. 3 is a schematic view of a mandrel applied 
to a manufacture apparatus of the present invention. As 

35 shown in Fig. 3, a mandrel 1 0 is an integral mandrel con- 
stituted by connecting both end portions 12a, 12b of a 
mandrel segment 12 for a unit product to one another, 
and linearly connecting a plurality of (three in Fig. 3) 
mandrel segments to one another. 

40 [0031] Moreover, connection segments 14a, 14b are 
connected to both end portions 12a, 12b of the mandrel 
segment 12 via screws or the like, and the same end 
portions of the mandrel segment 12 (e.g., 12a and 12a, 
or 1 2b and 1 2b) are detachably connected to each other. 

-^5 Additionally, the connection segments 14a, 14b may be 
used to fomn the mandrel 1 0 as the Integral mandrel of 
four or more mandrel segments 12. 
[0032] Furthermore, the mandrel segment 12 is con- 
stituted to be dividable at a middle portion 12c which is 

so smaller than both end portions 12a, 12b. Additionally, 
when this middle portion is particularly small, by dispos- 
ing a groove in a circumferential shape, the mandrel 
may be constituted to be ruptured and divided along the 
groove. 

55 [0033] Moreover, as shown in Fig. 3, a maximum di- 
ameter of the connection segment 14a, 14b is formed 
to be smaller than a diameter of a connected portion of 
the mandrel segment. Therefore, a groove 15 with a di- 
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ameter smaller than that of a product is constituted be- 
tween adjacent nnandrel segnnents 12. 
[0034] Figs. 4A to 4D are schematic views of a man- 
ufacturing method in which the mandrei of Fig. 3 is used. 
In the drawing, Fig. 4A is a view of a braiding process 
to a machining process, Fig. 4B is a view of a dividing 
process for each product, Fig. 4C is a divided view of 
the connection segment, and Fig. 4D is a divided view 
of the mandrel segment. 

[0035] As shown in Fig. 4A. after fonning a fabric 1 on 
the surface of the Integral mandrel 1 0, the formed fabric 
1 is infiltrated with matrix. If necessary, further machin- 
ing of an outer peripheral surface is performed on the 
integral mandrel 10 as it is. Thereby, a plurality of prod- 
ucts can simultaneously be manufactured on the sur- 
face of a plurality of mandrel segments 12. 
[0036] Additionally, in the method ot the present in- 
vention, since the same end portions of both end por- 
tions 1 2a, 1 2b of the mandrel segment 1 2 are connected 
to each other, a stepped portion can hardly be formed 
in the connected portion. Therefore, in the braiding proc- 
ess the fiber can smoothly be wound onto the entire sur- 
face of the integral mandrel 10, and the fabric 1 can be 
fomned on the surface of the respective mandrel seg- 
ments 12. 

[0037] Moreover, for fiber toss generated in the braid- 
ing process for winding onto an engaging allowance to 
a loom and a portion of the mandrel otherthan a product 
portion, even when the integral mandrel 10 is used, an 
absolute amount is substantially the same as that when 
unit products are individually manufactured one by one. 
Therefore, by perfomiing simultaneous braiding for a 
plurality of products, the fiber loss per unit product can 
be reduced to a few fractions. 

[0038] Furthermore, even in the braiding process and 
subsequent CVI treatment, PIP treatment and machin- 
ing, simultaneous machining is possible for a plurality of 
products, labor of setting/preparation or the lil<e to the 
apparatus is reduced to a few fractions per unit product 
as compared with a case in which the products are in- 
dividually treated one by one, and the productivity can 
be enhanced so much more. 

[0039] Moreover, as shown in Fig. 4B, thereafter, at a 
portion of the groove 15 for product separation, for ex- 
ample, a cutter 1 6 is used to perfomn cutting and dividing 
into respective products (ceramic matrix composite 
members 2). Subsequently, as shown" in Fig. 4C, the 
connected portion of the mandrel segment 12 is sepa- 
rated, so that respective products can be separated. 
[0040] Furthermore, as shown in Fig. 4D, by dividing 
the mandrel segment 12 into respective end portions 
12a, 12b at the middle portion 12c, the segment is di- 
vided into the respective unit products (ceramic matrix 
composite members 2), and is subsequently subjected 
to further necessary processes (e.g., PIP treatment and 
machining), so that the products can be completed. 
[0041 ] Moreover, the dividing process of each product 
of Fig. 4B is preferably perfomned after the PIP treat- 



ment and machining are completed, but the present in- 
vention is not limited to this, and the process may be 
performed after performing the CVI treatment to such 
an extent that a product shape can be held. 

5 [0042] As described above, according to the manu- 
facturing method and apparatus of the present inven- 
tion, a plurality of products can simultaneously be man- 
ufactured, this remarl<ably reduces the fiber loss, the 
productivity can be enhanced, and other superior effects 

10 are provided. The method and apparatus are effective 
particularly for a small-sized (outlet diameter of 10 mm 
or less) chamber or nozzle. 

[0043] Additionally, the present invention is not limited 
to the aforementioned embodiment, and can of course 

15 be modified variously without departing from the scope 
of the present invention. For example, in the above de- 
scription, a thrust chamber or another rotary member as 
the product has been described In detail, but the present 
invention is not limited to this, and can also be applied 

20 to an arbitraryshape fuel piping, turbine vane, combus- 
tor, afterburner component, and the lil<e. 
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Claims 



1 . A manufacturing method of a fiber reinforced com- 
posite member comprising steps of: connecting a 
plurality of mandrels to one another to constitute an 
integral mandrel; fomiing a fabric on the surface of 

30 the integral mandrel; and infiltrating the formed fab- 
ric with matrix. 

2. The manufacturing method of a fiber reinforced 
composite member according to claim 1 , further 

35 comprising steps of, after infiltration of said matrix, 
cutting a fiber reinforced composite member at a 
connected portion at which the plurality of mandrels 
are connected to one another. 

40 3. A manufacturing apparatus of fiber reinforced com- 
posite member for forming a fabric on the surface 
of a mandrel, and infiltrating the fomned fabric with 
matrix, said apparatus comprising a connection 
segment for connecting a plurality of mandrels to 

45 one another. 

4. The manufacturing apparatus of fiber reinforced 
composite member according to claim 3, wherein a 
maximum diameter of said connection segment is 

50 formed to be smallerthan a diameter of a connected 
portion to the mandrel. 

5, The manufacturing apparatus of fiber reinforced 
composite member according to claim 3 or 4 where- 

55 in said mandrei is constituted to be dividabte at a 
middle portion which is smaller than both end por- 
tions. 
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Fig.2 
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